INTRODUCTION
Various kinds of biomaterials have been applied for the recovery of configuration and function. However, the interface of the biomaterial and the living tissue poses many problems, such as conjugation, compatibility. The protection from the infection is one of the most important factors in evaluating the application of biomaterials. Special considerations must be paid when these materials are placed in the surface of body exposed to the outside or in the circumstance of poor body fluid circulation.
A number of the dental materials have also been used under conditions as above, but problems were noted concerning secondary infection. A root canal filling material which is used for sealing the empty root canal of a pulpless tooth should have the antibacterial activity to prevent an incidental bacterial infection. From this point of view, we try to give antibacterial activity to the root canal sealer by adding chlorhexidine (CHX) which has been used widely in clinics as a safe disinfectant. In the first report1) of this study, to ensure the high clinical performance the composition of the base material was determined through the investigation about the influence of the components or the contents on properties such as the setting time and the sealing ability.
In the study, the antibacterial activity of a newly prepared root canal sealer (K-20) which includes 1% of CHX dihydrochloride was examined. In addition, the acute toxicity of K-20 was also evaluated in animal tests.
Based on these experimental results, the effect of K-20 was clinically examined. K-20 was applied to the pulpless teeth in thirty six cases of the pulp extirpation and fifty seven cases of the infected root canal. Almost all of these cases progressed without any problem The activity against S. salivarius (c) and S. mutans (d, e) was detected though the zone was not clear (c).
From the size of these inhibition halo (Table 4) , S. salivarius and the one of S. mutans seemed to be more sensitive to K-20, while S. aureus and L. casei were slightly less. Figure 5a shows the result of 24-hour cultivation of the inoculated broth in which K-20 had been immersed for different periods. Tubes are arranged from the left as the blank Table 5 Change of transprency of broth which was not inoculated and the series according to the order of immersion periods, namely, 1, 2, 3, 4, 8 and 15 days. No turbid change was detected in any broth which was in contact with K-20 more than 2 days except that of day 1 which became slightly turbid. Figure 5b shows the results about CA. The turbid changes were observed in all tubes tested regardless of the length of the immersion period.
Disk Immersion test
These facts were confirmed more obviously in the spectrophotometric measurements of the transparency of the broth in contact with K-20 for the first five days ( Figure 6 and Table 5 ). The transparency of the broth of 24-hour culture was expressed as a percentage relative to the value of the initial stage which was measured immediately after the inoculation of test bacteria.
The recovery of transparency appeared sharply and completely for K-20 within 48 hours in contrast to that for CA.
The acute toxicity of K-20
The incidence of death of mice during the observation period is indicated in Table 6 . All mice were depressed immediately after the application of K-20 and it continued for 3 or 4 hours.
Each death occurred within 24 hours after beginning of the test. Autopsy revealed no abnormal findings except for a white residue which was thought to be K-20 at the bottom SEALER CONTAINING CHLORHEXIDINE II 295 Figure 6 Change of transparency of broth Table 6 Incidence of death of mice of the stomach. This was also found in mice which survived the test. The value of LD50 calculated by means of Litchfild Wilcoxon's method was 17.663g/kg b.w. (95% confidence limit: 15.643-21.247g/kg b.w.).
DISCUSSION
The antibacterial activity of root canal filling materials
The root canal of a pulpless tooth is susceptible to the bacterial invasion because of its low activity of the self-protection. An enormous number of microorganisms can reach directly to the marrow from the oral cavity if the hard tissue of a tooth is destroyed by a dental caries or an injury. The infected root canal or the pulp-extirpated canal has to be operated under a sterilized environment. It is impossible, however, to adequately treat all cases because of many therapeutic difficulties. On the other hand, as the filling of the treated root canal must follow the thorough cleaning and disinfection and the evidence of negative culture on a bacterial examination, sterilization of the root canal is at least theoretically possible. It has been also considered that bacteria which remained in the filled root canal no longer can survive when sealing is complete2). Nevertheless, the complicated structures of the root canal such as an accessary canal, a lateral branch and an aperture of the dentinal tubule can prevent the complete and sterilized sealing of the root canal. From these points of view, the antibacterial activity is considered to be one the most important property required for the root canal sealer. However, we must always pay great attention to the side effect of the antibacterial material which shows a cytotoxic activity when it is applied to the human body.
Some products of the root canal filling material which contain paraformaldehyde or iodoform have already been used practically in expectation of the antibacterial activity.
The activities of several products tabulated in Table 7 As shown in Figure 7 , the large inhibition zone appeared around N2 and the middle one and the small one appeared around KRI and VPX respectively. Contrary to this, no clear zone was found for CVT and CA. Paraformaldehyde evaporates at body temperature to produce treated for the infected root canal were filled with K-20 and guttapercha points . The ages of patients were distributed from 18 to 70 years old for the pulp extirpation group and from 14 to 72 for the infected root canal group. In both groups the numbers of patients were the maximum in the forties and these averages were 42.8 years old for the former and 40 .5 for the latter. The kind of tooth filled with K-20 were as follows: The group of pulp extirpation contained 6 anterior tooth (5 maxillary/1 mandibular), 16 premolars (9/7) , 14 molars (7/7) and the group of infected root canal contained 24 (19/5), 17 (7/10) , 16 (6/10) respectively.
Procedure of the operation
According to the anamnesis, the inspection, the palpation, the thermal test and the X-ray examination, the plan of therapy of the object tooth was decided. In the case of the pulpectomy the pulp was extirpated under the anesthesia of 2% Xylocain with an ordinary procedure. All root canals were enlarged mechanically with a reamer and file under the prevention of moisture following to the determination of working length by the X-ray photograph and the electrical measurement of root canal length, and also cleaned chemically with the alternate usage of the solutions of sodium hypochlorite and hydrogen peroxide . Formalin tricresol was applied as a disinfectant and they were sealed temporally . The average repetition of the medication was 0.8 times for the pulp extirpation group and 2.0 times for the infected root canal group.
After all clinical symptoms disappeared, the root canal was filled with K-20 and guttapercha point by the lateral condensation method. X-ray examination followed immediately after the root canal filling.
Follow-up examination of the filling
All patients underwent clinical examination and X-ray examination at the time of the first visit, the filling of the root canal and the recall after more than six months . They were checked for spontaneous pain, occlusal pain, horizontal and vertical percussion pain , mobility of tooth, oppressive pain and swelling of gingiva above the apex and formation of fistula . X-ray photographs were observed for enlargement of periodontal space, continuity of lamina dura and rarefaction around the apex. Based on the comparison of these examinations at each stage, the filling was judged to be successful if it had shown no subjective and objective symptom in the clinical examination and no change or the recover of the abnormal appearance in the X-ray photograph. In addition, according to the extent of the filling all cases were divided into three groups, namely, the flush filled (FF) in which the top of the filling reached to the range within 1mm inward from the apex, the under filled (UF) in which the top did not reach this range and the over filled (OF) in which it protruded through the apex.
RESULT AND DISCUSSION
The rates of success were 97.2% in the clinical examination and 91 .7% in the X-ray examination for the pulp extirpation group, on the other hand 93 .0% and 80.7% respectively for the infected root canal group. These values were comparable to the rates of success reported in the previous follow-up studies, for example, Grossman29) ( 35 ) also showed the values of 90.5% for the pulp extirpation group and 91.5% for the infected root canal group in their study in which K-20 was used as a sealer. The slight difference of value for the group of infected root canal compared with the result obtained in this study may be due to the fact that the subjects of the latter contained many multirooted teeth of which the therapy is considered to be rather difficult.
Seltzer et al. 36) found no difference of the rate of success between male and female, and Yawata34) showed that the failure was found frequently in male with a significant difference Table 8a Sexuality and incidence of successes and failures in clinical examination (pulp extirpation) Table 8b Sexuality and incidence of successes and failures in X-ray examination (pulp extirpation) Table 9a Sexuality and incidence of successes and failures in clinical examination (infected root canal) Table 9b Sexuality and incidence of successes and failures in X-ray examination (infected root canal) and explained that men having no problem on the treated tooth were less likely to accept the recall. As the result obtained in this study shown in Table 8 and 9, there was no difference between male and female in spite of the number of male recalled was one third of that of female in both groups of pulp extirpation and infected root canal. Ingle30) suggested, on the influence of age on the result of the filling, that the rate of success of young men was somewhat low because that many of them had immature tooth with an open apex, and that of the old men aged over sixty was high because that their root canals tended to become a simple shape by the calcification. Contrary to this, Grossman29) and Yawata34) pointed out that the incidence of failure increased in the old patients. Tanaka et al.37) also reported the rate of success was reduced with the increase of age in the case of pulp extirpation while it did not varied in the case of infected root canal. They concluded it to be concerned with the senile change of the protective response of the apical periodontal tissue. In this study, though the tendency was not clear as the number of case of each generation was not enough, the slight increase of failure occurred in the old patients, especially in the group of infected root canal (Table 10 and 11). Since the ages of all patients were more than 18 years old except the one of 14 years old, it might be assumed that all root canals of the object tooth had been completed. On the other hand, the cases with the operative difficulties such as the stricture of root canal, the root resorption or the clog of apical foramen caused by a chronic apical lesion were frequent in old patients. In addition to this, the disadvantages such as a chronic periodontitis or an overload by the decrease of Table 10a Age and incidence of successes and failures in clinical examination (pulp extirpation) Table 10b Age and incidence of successes and failures in X-ray examination (pulp extirpation) Table 11a Age and incidence of successes and failures in clinical examination (infected root canal) Table 11b Age and incidence of successes and failures in X-ray examination (infected root canal)
remaining tooth or the isolation were considered to hinder the success of filling. Next, concerning the variation of result accompanied by the kind of tooth, Ingle30) mentioned that the failure was found repeatedly for the mandibular first premolar and the maxillary lateral incisor because both of them had a lateral branching or a curved root canal in a high rate. Seltzer et al.36) gave the maxillary lateral incisor and the mandibular first molar for examples of the inclination to fail, and Kobayashi et al.33) gave the multirooted tooth. The difficulty of the maxillary premolar was reported by Yawata34) as it was caused often by the abnormality of shape of the root canal like a broad, flat and ribbon-shaped. Matsuda et al.38 ) also showed the frequent failures for the maxillary premolar and the mandibular first molar. In this study, all teeth tested were divided into two categories such as the singlerooted and the multirooted shown in Table 12 and 13. No significant difference between these two categories was found in both groups. Nevertheless, more cases of failure were checked in the X-ray examination of the group of infected root canal than others, and the result of the multirooted was poor. The kinds of teeth judged to failed were the maxillary second molar and the mandibular first and second premolar in the group of pulp extirpation, and the maxillary lateral incisor and first premolar and the mandibular central and lateral incisor, first premolar, first and second molar in the group of infected root canal. Akamine et al.35) confirmed that the failure of the maxillary lateral incisor occurred more often than that of the other teeth with a significant difference. These findings suggest that a careful, complete treatment must be done not only for the multirooted tooth but also for the Table 12a Kind of tooth and incidence of successes and failures in clinical examination (pulp extirpation) Table 12b Kind of tooth and incidence of successes and failures in X-ray examination (pulp extirpation) Table 13a Kind of tooth and incidence of successes and failures in clinical examination (infected root canal) the pulp extirpation and the infected root canal (Table 14 and 15) , and it agreed with the result indicated by Akamine et al.35) . Aono39) has already reported about the inflaming action of denatured protein originated by the pulp residue or the permeated exudate existing in the dead space which had been formed by the underfilling. Komiya40) confirmed the intrusion of inflammatory granulation tissue into the dead space in his implantation study with a root canal model. For these reasons, the underfilling must be avoided to the utmost. On the other hand, the over instrumentation which is apt to occur in a painless operation like the pulp extirpation under local anesthesia or the infected root canal and the succeeding overfilling will damage obviously the apical tissue. In the case of the tooth which had a Table 14a Extent of filling and incidence of successes and failures in clinical examination (pulp extirpation) Table 14b Extent of filling incidence of successes and failures in X-ray examination (pulp extirpation) chronic apical lesion, however, the overfilling for the confirm obturation as Grossman mentioned must be necessary because of the considerable disadvantage such as the morbid organic change of the root apex or the apical tissue and the deterioration of reparation activity. Consequently, the flushfilling with the allowance of 0.5mm in-and outside of the apex in the X-ray examination is considered to be adequate for the extent of filling. Though the evidence of the effect of K-20 was not remarkable in this examination, the antibacterial activity of K-20 may be effective only for the root canal treated in the principle of endodontic therapy not for the recovery of an insufficient and incorrect operation. However, the ideal operation is often disturbed by the anatomical complication of the root canal such as the bifurcation, the lateral branch or the stricture, including of the dentinal tubules of root canal wall. As the bacteria invade deeply into the dentinal tubules in the infected root canal41), it is impossible to remove all of them no matter how thoroughly the enlargement and the cleaning is achieved. In addition, even if the negative result is obtained by the culture test after strict disinfection, it merely confirms the sterilization of the surface of root canal wall, not the inside of dentinal tubules. Bender et al. 42) reported, for example, that about 20% of the fillings which had been confirmed the sterilization were failed. For these reasons, the addition of the antibacterial activity is considered to be significant for the root canal filling material which is used permanently in a pulpless tooth, especially for the sealer which contacts directly to the root canal wall. This activity, however, must not become irritant or toxicant to the living body. Therefore we have been trying to add CHX dihydrochloride which has a broad antibacterial spectrum with a high security. In this study the occurrence and degree of postoperative discomfort after the root canal filling with K-20 was much the same as that with the commercialized sealer, and other unfavorable side effects were not found.
Figures 10-14 show the X-ray photographs of the practical cases filled with K-20 and guttapercha point. Figure 13 is the case of mandibular second premolar which had rarefactions not only around the apex but also laterally in medial side of the root ( Figure  13a ). The side branch which caused this lateral lesion was filled with K-20, and all lesions disappeared for 3 months after the filling (Figure 13b ). Figure 14 shows the case of the overfilling of maxillary lateral incisor (Figure 14a ). The surplus K-20 had already vanisued for 9 months after filling (Figure 14b) . Conclusively, K-20 which contains CHX dihydrochloride is evaluated that it has the superior property as a sealer and the strong antibacterial activity with the high security. The clinical usage of K-20 is profitable for the success of the root canal therapy. 
CONCLUSION
The in vitro antibacterial activity of K-20 containing 1% of CHX dihydrochloride was investigated. Its effects in some cases of the pulp extirpation and the infected root canal were also investigated. The course of each tooth filled with K-20 was followed up more than 6 months. The results obtained were as follows: 1) Ten ppm of chlorhexidine was released from K-20 for 24 hours. As this amount is sufficient to keep the inside of the root canal sterilized, the addition of 1% of CHX di- 
